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SUMMARY 
Container shipping industry is at present an important facilitator of the global trading market. Despite tough economic 
circumstances, with declining freight rates, ship-owners still order larger container vessels. These ships’ dimensions go 
beyond past expectations. Terminals need to ensure a fast and safe (un)loading operation of these vessels, which can only 
be guaranteed if the motions of the vessel are limited. During (critical) ship passages, which only occur a few times during 
the stay at the berth, large singular motion peaks could pose potential safety issues. Based on considerations regarding the 
container handling process and deck layout, maximum motion limits are derived. A simulation case study is presented, 
where the behaviour of the moored vessel under the ship passages is evaluated. The influence of passing distance and 
velocity is shown, for a given passing vessel. In a second part, the focus lies on the vessel’s mooring configuration, which 
is presented from a design and an operational approach. Both mooring line characteristics (design), as well as mooring 
plan (operational), are discussed.  
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1 INTRODUCTION  
The shipping industry forms an indispensable link in the 
global market chain. Nowadays, the seaborne trade 
accounts for 90% of the worldwide trade (QinetiQ et al., 
2013). When focussing on cargo vessels, five main types 
are identified: container vessels, bulk carrier, tankers, 
RoRo’s and general cargo vessels. These general cargo 
ships had the leading share of transport capacity for 
decades, but are largely replaced by container vessels. 
Nowadays, the general cargo fleet consists predominantly 
of ships with deadweight lower than 10 000 dwt (SEA 
Europe, 2017). Containers can be easily stacked, which 
leads to effective use of cargo holds, and are loaded 
quickly, using gantry cranes. From a perspective of 
logistics, the containers are easily distributed over the 
hinterland, using trucks, trains and inland vessels, cutting 
in the delivery costs and times.  
 
The container fleet evolves towards ultra large container 
vessels (ULCS), which nowadays account for 18% of the 
total container capacity (SEA Europe, 2017). Ports and 
container terminals thus need to handle these sea giants on 
a daily basis. This puts pressure on ports, as they need to 
keep up the growth in ship size. Whereas ports and quays 
(civil works) are destined to last 100 years or more, ships 
only have projected lifetimes of 20 years, allowing the 
ship sizes to grow much faster than port and quay 
infrastructure. Dredging works, combined with terminal 
renovation, or even development of new quay 
infrastructure, allow good accessibility of the port. Many 
ports are faced however with limited expansion 
possibilities, as land becomes scarce, being a trade-off 
between industrial, demographic and ecological needs.  
 
The current paper focusses on the effect of passing vessels 
on moored container vessels at quays. A sailing vessel 
generates a pressure field around it, influencing the 
moored vessel. These forces acting on the moored vessel, 
are transferred to the quay by mooring lines and fenders. 
As these elements can both be seen as (non-linear) springs, 
they show deformation with force build-up. 
Consequentially, the vessel moves along the quay wall 
during a ship passage. These motions cause a loss in 
efficiency of the loading operation, but more importantly, 
possible safety issues. Based on a case study, the impact 
of these motions is discussed and linked to present 
recommendations. In a last part, design and operational 
considerations are made, focussing on their influence on 
the ship motions.  
2 CONTAINER FLEET 
2.1 History  
Container shipping is a relatively new mode of sea 
transportation. Depending on the exact source, the first 
vessels sailed in the 1950s, often being general cargo 
vessels with containers stowed on board. Two decades 
later, cellular container ships were developed, committing 
to container transport. The historical growth in container 
vessel sizes is largely defined by the size of the most 
important canals and locks. The Panama Canal, 
accompanied by two sets of locks on the pacific and 
Caribbean side of Panama, connecting the Atlantic with 
the Pacific, is a well-known example. Vessels which could 
enter the canal, before its 2016 expansion, were called 
‘panamax’ (container) vessels, a term which is still around 
up to this date. These vessels have a maximum length of 
294 m, a beam of 32.2 m and a 12 m draft.  
2.2 Present situation  
The worldwide economic crisis of the past decade hit the 
shipping market hard. Despite the declining container 
freight rates (KPMG, 2016), shipping companies order 
ultra large container vessels (ULCS), which cut the costs 
per unit, based on economics of scale. This creates an 
overcapacity, which leads to record breaking scrapping, 
up to 197 vessels (or 435000 TEU) in the year 2013 (SEA 
Europe, 2017).   
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With the construction of the new Panama locks, vessels up 
to 366 m in length and 49 m in width are able to enter the 
Canal; they are defined as ‘neo-panamax’ vessels. With 
the rapid increase of the Asian market, trade routes 
between Asia and Europa, as well as intra-Asian routes are 
growing rapidly (QinetiQ et al., 2013), not being limited 
to the Panama lock sizes. The Suez canal, connecting the 
Mediterranean and the Red Sea, poses no restrictions to 
the current container vessel fleet. The maximum air 
draught, as defined in Figure 2-1, is 68 m (Suez Canal 
Authority, 2015), which is close to the expected air 
draught of the newest generation container vessels.  
 
Figure 2-1 : Stern view and side view of container vessel, indicating 
bins, rows, tiers, air draught and safety margin funnel – containers. 
Nowadays, the largest container vessels have a length of 
400 m and a beam of 59 meters, allowing 23 container 
rows on deck, typically with 10 tiers below deck and 10 
tiers above deck (see Figure 2-1 for definitions). These 
vessels are most known as ‘18000TEU’ vessels. Some 
shipbuilders add one more tier of containers in deck and/or 
hold, increasing the capacity to around 20000 TEU.  
2.3 Future perspective 
From a structural perspective, ships with much larger 
dimensions and deadweight have been designed and 
constructed. The most known example here are the ultra 
large crude carriers (ULCC) also called supertankers / 
mammoth tankers. As these tankers only call at a limited 
number of ports and often discharge offshore, there are no 
draft restrictions. As container vessels call at various ports 
and often need to reach quays located in shallow water 
areas, the draft and overall dimensions of the container 
ships are limited. The largest vessel in order at present are 
so-called MegaMax241 vessels, with 24 rows, 24 tiers and 
24 bins, have a length of 400 m and a width of 62 m (one 
extra container row compared to 18000TEU). Their depth 
and air draught also increase, to host 24 tiers (12 on deck 
and 12 below deck).  
3 (UN)LOADING PROCES 
The biggest advantage of container vessels over general 
cargo vessels, is that the time that the ship spends at the 
berth is limited, due to the fast loading and unloading 
operations. Terminals want to attract shipping lines by 
offering fast operations. Periodic waves and gusting winds 
cause ship motions, which in their turn lead to delays in 
grabbing the containers. Critical passing events, on the 
other hand, only occur a few times during the stay, and 
their potential disturbance has a limited duration (about 3 
min).  
                                                          
1https://port.today/msc-cma-cgm-open-door-megamax-24-era/, 
accessed 29/03/2018.  
For the port of Antwerp, there were 14473 port calls in 
2016 (Port of Antwerp, 2017), leading to 28946 passages 
a year at the most downstream container terminal (North 
Sea Terminal, Figure 3-1). From those 80 passages a day, 
only a handful, with 10% as a conservative estimation,  are 
potentially critical. This leads to eight, three minute 
passages a day which need to be considered, hardly 
influencing the daily efficiency. As these dynamic forces 
may cause large motions however, the safety of the 
moored vessel and the terminal infrastructure is at risk.  
 
 
Figure 3-1 : Passing shipping traffic at North Sea Terminal, Port of 
Antwerp. Red : outbound ; Green : inbound. 
– image courtesy of Antwerp Port Authority 
3.1 The handling process 
The containers are handled using spreaders, connected to 
a trolley, which moves laterally over the arm of the gantry 
crane (Figure 3-3). A detailed image of a dual-hoist 
system, is given in Figure 3-2. During operation, the 
operator is located directly above the trolley, looking 
downwards, which limits the vision, making it impossible 
to anticipate passing vessel events. Continuous motions 
also make it hard to keep focus.  
 
 
Figure 3-2 : Detail of dual-hoist trolley system. 
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Figure 3-3 : Handling of containers : different parts of gantry crane set-up. 
 
The vessel moves in 6DOF (six degrees of freedom), three 
translations and three rotations (Figure 3-4). The hosting 
system is able to account for limited roll, yaw and trim. 
Heave motion does not affect the operation, as it is along 
the hoisting direction. The sway motion can be corrected 
by moving the trolley along the rail. Correcting for the 
surge motion, however, is impossible, as this requires the 
whole crane to move along the quay.  
 
 
Figure 3-4 : Moored container vessel, definition 6 DOF.  
3.2 Efficiency of the operation 
Existing recommendations focus on ensuring a required 
minimal efficiency of the operation. A contribution 
regarding this issue was made by PIANC WG24 (PIANC, 
1995), giving criteria for peak-to-peak motions (50% and 
100% loading efficiency). PIANC WG 115 (PIANC, 
2012) focusses specifically on criteria for (un)loading 
container vessels, citing work from amongst others Jensen 
(Jensen et al., 1990) and D’Hondt (D’Hondt, 1991).  WG 
115 rightfully focusses on the surge motion, defined as 
significant motion amplitude along the quay wall. This is 
not only from the perspective of the crane operation, 
which cannot react to surge motion and would have to 
reposition each time. Additionally, longitudinal forces are 
dominant when vessels are moored at a quay wall. For 
tankers moored at jetties, the lateral force is dominant 
(Pinkster, 2004).  
For periodic motions, one can perform a statistical 
analysis, based on significant exciting forces (e.g. waves) 
and the resulting significant motions. The allowed motion 
before operation needs to be halted depends on several 
factors. When locks are used, motions of 0.1 m are 
permissible, the use of spreader flaps allows motions of 
0.2 m (PIANC, 2012). The human factor, being the skill 
and focus level of the operator, plays an important factor 
as well. Disregarding the human factor, which is an 
important assumption here, significant motions up to 0.2 
m (locks) to 0.4 m (spreader) lead to an acceptable 
handling efficiency of 95% (PIANC, 2012).  
3.3 Safety of the operation  
When the moored vessel moves along the quay due to 
passing vessel effects, this will have a marginal effect on 
the overall efficiency, as (critical) ship passages are 
limited over the stay of the vessel. Large motions, 
however, pose potential safety issues for the moored 
vessel. From a statistical point of view, significant values 
are transformed to the (most probable) maxima by 
multiplying them by a factor of 1.7, assuming a Rayleigh 
distribution. This means that 0.2 m and 0.4 m significant 
motion, corresponds with maximum motions of 0.34 m 
and 0.68 m respectively. The big downside of using this 
approach is that it still builds on efficiency considerations.  
 
PIANC WG 186, which the first author is part of, currently 
focusses on the safety of large vessels at a quay. A big 
safety issue for container vessels involves contact between 
crane and vessel, as this affects both the quay 
infrastructure, as well as the safety of the ship, the crew 
and the workers. As the container market operates on 
narrow margins, the deck space available for containers is 
maximised. The leads to limited space in between the 
containers and both the accommodation (bridge) (Figure 
3-5) and the funnel (Figure 2-1). Additionally there is an 
increase in container tiers on deck (12 for MM24 vessel), 
leading to a larger air draught, beyond the expectations of 
the terminal operators at the time of the terminal’s design. 
This leads to situations where the bridge of the vessel is 
located above the level of the crane arm (Figure 3-4), 
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which creates potentially dangerous situations when the 
moored vessel starts to move.  
 
Figure 3-5 : Safety clearance between accommodation and 
container bin.  
Collisions not only lead to large repair works and 
inaccessibility of the terminal, the possibility of human 
casualties is even more worrisome. On top of that, the 
crane operator feels uncomfortable in this condition, 
leading to loss of concentration, even if no damage occurs. 
A good mental condition of the operator is an important 
factor in the overall safety of the process. 
 
Based on these observations, Ghent University 
momentarily applies a critical motion limit of 0.5 m and a 
maximum motion limit of 1.0 m. Both values are 
expressed as amplitudes, relative to the starting position of 
the moored vessel before the ship passage.   
4 CASE STUDY 
The influence of passing vessels on moored container 
ships is explained using a case study, which is 
representative for a passing event in a large container port, 
as there is the port of Antwerp. As the prime interest for 
mooring studies are the large vessels, both the moored as 
well as the passing vessel are neo-panamax container 
vessels, carrying around 13000 TEU. The characteristics 
of both vessels are given in Table 4-1. Loa is the total 
length of the vessel, B is the beam, Td is the design draft 
and Tm is the draft of the vessel during the simulation.  
Table 4-1 : Characteristic parameters moored and passing vessel.  
Loa [m] B [m] Td [m] Tm [m] 
366.0 48.2 15.2 13.6 
4.1 Governing parameters passing event 
After defining the passing vessel, two important 
parameters characterize the passing event: the passing 
distance and speed, assuming the bathymetry and water 
depth are fixed for a specific case. The forces acting on the 
moored vessel are approximately proportional to the 
inverse of the passing distance (p-1) and the speed squared 
(V²)(Talstra and Bliek, 2014). If the terminal is located 
along a main fairway, significant passing velocities (Vpas) 
are expected. The passing distance (dpas), defined side to 
side (Figure 4-5), is a function of the beam of the vessels 
and the channel width. Based on experience, the cases 
given in Table 4-2, are presented, where the passing 
distances are approximately two, three and four times the 
ship’s beam. The reference event, is denoted by a passing 
velocity of 4 m/s (about 8 knots) and a passing distance of 
150 m. Starting from this event, a variation in passing 
distance (100 – 200 m) and in passing speed (3 – 5 m/s) 
has been considered.   
Table 4-2 : Passing distance [m] and velocity [m/s] for modelled 
passing events.  
 Vpas [m/s] 
3 4 5 
dpas [m] 
100    
150    
200    
 
4.2 Mooring configuration  
The mooring configuration is defined based on quay and 
vessel design. The mooring plan is the end responsibility 
of the ship’s captain. The quay wall equipment (fenders 
and bollards) are fixed, with the bollards placed close to 
the vertical quay side, not to obstruct the gantry crane rails 
(Figure 4-1). The vessel’s equipment, includes mooring 
winches, bitts, roller guides and fairleads and are also 
fixed during the design phase (Figure 4-2).  
 
Mooring lines are part of the ship equipment as well, yet 
they need be replaced every so often due to wear, which 
means that the line type and thus properties could still be 
altered (see paragraph 5). Important parameters here are 
the maximum allowed load in the line (MBL – Maximum 
breaking load) and the elongation at break (εbr). For the 
reference case, the MBL of each line is 160 tons and the 
elongation at break is 20%. This coincides with a good 
quality nylon mooring line, which is showing considerable 
elongation at break (Van Zwijnsvoorde and Vantorre, 
2017).  
 
 
Figure 4-1 : Quay wall : fender, bollard, crane rail ; Ship : fairlead. 
– image courtesy of Antwerp Port Authority 
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Figure 4-2 : Ship : winch, bitt and roller guide.  
The mooring plan consists of a number of lines in a certain 
geometrical configuration, which should be well-balanced 
at all times. Port authorities will often impose a minimum 
number of lines to be used, there is however no fixed 
mooring plan from the side of the terminal operator. A 
good mooring plan for the study at hand is given in Figure 
4-4. This is indicated as ‘plan I’, as alternative mooring 
plans are discussed in paragraph 6.  
4.3 Mooring simulation  
Simulating the behaviour of a moored vessel is a 
complicated procedure, where numerical input is used to 
perform a time domain mooring simulation using Ghent 
University’s in-house mooring tool Vlugmoor. A detailed 
overview of the simulation process is given in (Van 
Zwijnsvoorde et al., 2018). The simulation results are time 
series for forces (mooring lines and fenders) and motions 
(in 6 degrees of freedom). In the passing cases at hand, the 
motions are always critical before the line or fender forces 
reach unacceptable values (Van Zwijnsvoorde and 
Vantorre, 2017). 
 
Figure 4-3 shows the motion along the quay wall of the 
moored vessel (longitudinal motion), for the passing 
events defined in Table 4-2. According to the axis system 
defined in Figure 4-4, this is the ‘x-motion’ or ‘surge 
motion’ (Figure 3-4). The horizontal axis shows the 
position of the passing vessel’s midship relative to the 
moored vessel, expressed as ξ :  
 ξ =
𝑥𝑝
𝐿𝑜𝑎
  
When ξ = -1, the passing vessel’s  bow reaches the moored 
vessel’s stern (Figure 4-5, position 1). In this phase, the 
moored vessel is moved astern, which is the negative x-
direction. At ξ = 1, the passing vessel’s stern is at the 
position of the moored vessel’s bow (Figure 4-5, position 
2), the moored vessel is moved ahead, which is a positive 
x-motion. Figure 4-3 also shows the critical and maximum 
motion limits, indicated as limit 1 and limit 2 respectively.  
 
Figure 4-3 : Longitudinal motions moored vessel, for the passing 
events described in Table 4-2.  
 
 
Figure 4-4 : Reference mooring plan (plan I) ; Aft and fore of vessel displayed ; Indication earth fixed axis system O-x,y,z.  
 
Figure 4-5 : Passing event : Position 1 (blue) : Moored vessel moves astern ; Position 2 (green) : Moored vessel moves ahead. 
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Table 4-3 summarizes the results shown in Figure 4-3. At 
the reference passing event (4 m/s at 150 m), the lowest 
limit of 0.50 m is marginally exceeded. Still, this could 
potentially lead to an unsafe situation. If the passing 
distance decreases to 100 m or the velocity is raised to 5 
m/s, the motions are 1.04 and 1.16 m respectively, 
exceeding the second motion limit of 1.00 m. These 
motions pose direct safety threads and are thus 
unacceptable.  
Table 4-3 : Longitudinal motion x [m] for the different passing 
events defined in Table 4-2.   
 Vpas [m/s] 
3 4 5 
dpas [m] 
100  1.04  
150 0.23 0.54 1.16 
200  0.32  
 
If one wants to restrict the motions to values below 0.50 
m, then there are two options when only considering 
passing ship impact. An increment in passing distance to 
200 m or a decrease in passing speed to 3 m/s, lead to 
motions of 0.32 and 0.23 m respectively. This solution 
however needs to be checked with the constraints of the 
channel and shipping traffic. In narrow channels, often 
with berths at both sides, passing distance is often around 
150 m or smaller. As passing vessels need to attain a 
certain speed for course keeping and manoeuvring, 
especially in beam winds, as well as to meet tidal 
windows, there should be aimed at not imposing limits 
lower than pilots / captains would normally attain in 
everyday operation. 
 
Assuming that the passing parameters (ship, velocity and 
distance) are fixed, there are still several design and 
operational considerations, which influence the moored 
vessel’s behaviour. This paper elaborates on these 
parameters, showing one example for each type.   
5 DESIGN CONSIDERATIONS 
From a design perspective, both vessel and quay side can 
be redesigned, with constraints as the needed space for the 
crane rails on the quay side and the limited space available 
for mooring equipment on the deck of the vessels. 
Therefore, a rather simple and intuitive option is to change 
the properties of the mooring lines of the vessel. As the 
winches and fairleads are designed for specific loads, the 
maximum breaking load of the lines is assumed to be 
fixed. The elasticity of the lines, which determines the 
elongation of the lines for a specific load, is varied.  
 
Next to the reference line, which has an elongation at 
break of 20%, a much stiffer line with εbr of 12.5% is 
selected, which coincides with a polyester line of high 
quality. Unfortunately, vessels are also in some occasions 
outfitted with low quality nylon lines, which have an εbr of 
35% (or even higher!). The resulting motions, for the 
                                                          
2 International Maritime Organisation (IMO) ; International Association 
of Classification Societies (IACS).  
reference passing event, are given in Table 5-1 and Figure 
5-1.  
Table 5-1 : Longitudinal motion x [m] for the reference passing 
event, various elasticities of the mooring lines.   
elasticity (εbr) 
12.5 20 35 
0.31 0.54 0.97 
 
 
Figure 5-1 : Longitudinal motion of the moored vessel, passing 
event 4 m/s at 150 m, three line elasticities.  
Table 5-1 shows that lines with the same strength, but 
different elasticity, lead to an entirely different behaviour 
of the moored vessel. When stiff lines are used, the motion 
lowers to 0.31 m, which is well within the critical limit. 
The motion reaches 0.97 m in case highly elastic lines are 
used, which is almost the maximum limit. 
 
It should be borne in mind that all alternatives considered 
above are in line with guidelines issued by IMO2/IACS². 
These recommendations fail to incorporate line elasticity 
as a design parameter, as they only formulate guidelines 
for MBL and required numbers of lines (see (Van 
Zwijnsvoorde and Vantorre, 2017) for discussion on the 
2005 rules and (IACS, 2016) for the updated 2016 
regulation).  
6 OPERATIONAL CONSIDERATIONS 
Assuming that the design conditions are fixed when 
evaluating existing mooring applications, the mooring 
operation still influences the behaviour to a large extent. 
The mooring operation is always the end responsibility of 
the captain, who is often assisted by the pilots, the 
linesmen ashore and port authority / terminal operator. For 
tankers, the mooring plan is usually fixed, according to a 
terminal manual, as these berths are designed as dedicated 
jetties, constructed for a design vessel (or a range of design 
vessels). Container vessels are often moored at various 
locations along the quay, depending on the occupation of 
the berth, and do not follow an obligatory mooring plan.  
The minimal number of lines which needs to be used is in 
some ports regulated by the harbour captain. For the 
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13000TEU vessel at hand, Antwerp Port Authority 
demands the use of at least 12 lines (2 fore lines, 2 fore 
breast lines, 2 fore and 2 aft springs, 2 aft breasts and 2 aft 
lines).  
Figure 6-1 shows the mooring plan which was already 
presented in Figure 4-4, which is noted as ‘plan I’ or the 
reference plan. Plan II is an example of an optimised 
configuration to cope with longitudinal forces. In the third 
plan, the configuration is very compact, with fore lines 
which have an orientation more perpendicular to the quay, 
which limits their capability of generating a longitudinal 
reaction force. For a detailed description of these mooring 
plans, there is referred to (Van Zwijnsvoorde et al., 2018).  
 
 
Figure 6-1 : Mooring plan I (reference) ; Optimised mooring plan 
(II) and compact mooring plan (III).  
The results of the mooring simulation, in tabular and in 
graphical form are given in Table 6-1 and Figure 6-2, 
respectively. When considering the most efficient 
mooring plan (II), the motions are reduced by nearly 20%, 
to 0.44 m, compared to plan I.  If the plan is compact (III), 
the longitudinal motion increases to 0.68 m. It should be 
noted that due to high occupancy rates, plan II, which 
requires significant space along the quay, might not be 
feasible. However, configurations like mooring plan III 
should still be avoided at all times, as they will lead to 
larger motions. There exist multiple recommendations 
regarding the minimum free space in between vessels, as 
there is (ROM, 2007). These deterministic approaches, 
however, focus on manoeuvring space needed during 
berthing of a vessel and thus need to be treated with care 
in the current context.  
Table 6-1 : Longitudinal motion [m], for the reference passing case, 
three mooring plans.   
mooring plan  
I II III 
0.54 0.44 0.68 
 
Figure 6-2 : Longitudinal motion of the moored vessel, passing 
event 4 m/s at 150 m, three mooring configurations.  
Another important operational aspect involves keeping the 
lines at a sufficiently high pretension level, in order to 
keep the vessel tight to the berth in equilibrium condition. 
Also, it avoids the highly elastic non-linear deformation 
zone of elastic mooring lines. For further insight in this 
matter, there is referred to (Van Zwijnsvoorde et al., 
2018).  
7 CONCLUSION  
Container shipping is a vital part of the globalised 
economy, and will continue to play this role for years to 
come. Despite declining freight rates, ship owners still 
tend towards ordering larger container vessels. As the 
quay infrastructure often has been designed and 
constructed for smaller design vessels, terminal operators 
and port authorities need to actively study and monitor the 
safety of the moored vessels, during loading operations.  
 
One major issue here are passing events at considerable 
velocities and/or small distances. As (critical) passing 
events do not occur often during the stay at the berth, the 
loading efficiency is hardly affected by these events. 
Existing motion criteria based on minimal efficiency 
requirements, derived from statistical analysis on periodic 
loads such as wind and wave action, do not cover passing 
events. There is a need to define an additional set of 
restrictions, which guarantees the safety of the vessel, 
quay infrastructure, crew and workers. Based on the 
expertise of Ghent University, critical and maximum ship 
motion limits of 0.5 m and 1.0 m are implemented for ultra 
large container carriers. This concerns the longitudinal 
motion of the vessel along the quay, as this motion cannot 
be counteracted by the hoisting system.   
 
A case study shows that in representative passing events, 
the motions reach the critical limit and in some cases even 
the maximum motion limit. Lowering the passing speed or 
increasing the passing distance are a good solutions from 
a theoretical perspective. Channel dimensions and/or 
manoeuvrability requirements of passing vessels, 
however, pose restrictions on above solutions.  
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Given a passing event at an existing terminal, the 
behaviour of the moored vessel is influenced by design 
and operational parameters. Form a design perspective, it 
is assumed that quay wall design cannot easily be changed, 
as is most of the ship’s design. Mooring lines, however, 
need to be replaced on a regular basis, as they degrade over 
time. This means that one can switch to stiffer, high 
quality lines, which limits the motions of the moored 
vessel. By all means, the use of very elastic nylon lines 
should be avoided. It is suggested to include this in future 
regulations.  
 
The captain decides on a mooring plan of his vessel, where 
in some cases, the number of lines is imposed by the 
terminal. The mooring plan should be optimised for the 
conditions at hand, which means that for ship passages, 
the lines are able to take up large longitudinal forces. At 
all times, sufficient bollard space should be provided, to 
avoid unbalanced configurations, leading to large ship 
motions. Recommendations should be formulated, based 
on the space needed for the mooring lines, complementing 
the existing guidance, which ensures safe berthing of the 
vessel.  
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